The dilaton, a pseudo-Nambu-Goldstone boson appearing in spontaneous scale symmetry breaking at a TeV scale f , may be found in Higgs boson searches. The dilaton couples to standard model fermions and weak bosons with the same structure as the Higgs boson except for the overall strength. Additionally, the dilaton couples to a Higgs boson pair. The couplings of the dilaton to a gluon pair and a photon pair, appearing at loop level, are largely enhanced compared to the corresponding Higgs couplings. We present regions of the mass and VEV of the dilaton allowed by W W, ZZ, and γγ limits from the LHC at 7 TeV with 1.0-2.3 fb −1 integrated luminosity. A scale of f less than 1 TeV is nearly excluded. We discuss how the dilaton χ can be distinguished from the Higgs boson h 0 by observation of the decays χ → γγ and χ → h 0 h 0 → (W W )(W W ).
Discovery of a standard model (SM) Higgs boson h
0 is a top priority of LHC experiments.
However, an experimental signature suggesting the exisitence of a scalar particle does not necessarily mean the discovery of h 0 . There are many candidate theories beyond the SM and almost all predict the existence of new scalar particles. One of these is a dilaton [1] , denoted as χ, which appears as a pseudo-Nambu-Goldstone boson in spontaneous breaking of scale symmetry [2] . The interesting case is that the scale f of conformal symmetry breaking is larger than a weak scale v. In this case the dilaton appears as a pseudo-Nambu-Goldstone boson with a mass m χ ∼ v ≪ f in addition to the Higgs boson that unitarizes the W W and ZZ scattering amplitudes at the TeV energy scale. This situation occurs in walking technicolor models. [3] [4] [5] [6] [7] [8] [9] It is very important to distinguish the dilaton from h 0 in observed signals. The dilaton χ has T µ µ (SM) couplings to the SM particles, as will be explained later, which are proportional to the mass for the femions and to mass squared for massive gauge bosons. The couplings are very similar to the SM Higgs h 0 , except that the SM VEV is replaced by f . A distinctive difference is in the couplings of massless gauge bosons. The dilaton has a coupling to the
anom that is proportional to the β function, while the SM Higgs has no such coupling and only triangle-loop diagrams of heavy particles contribute to the gg and γγ decays. Because of this property, h 0 → γγ is used as a channel searching for the fourth generation and the other heavy exotic particles. While for the dilaton, in the limit of high masses of the heavy particles in the loop, its contribution to the β function exactly cancels the triangle diagram of the heavy particles, and thus the dilaton couplings to gg and γγ are determined only by β function contributions of light-particle loops.
In this Letter we evaluate the production and decays of the dilaton χ appropriate to the LHC experiments at 7 TeV (LHC7) and consider the possibility that χ could be found instead of the Higgs boson. We use the dilaton interaction given in Ref. [1] , where the dilaton field χ is introduced as a compensator for preservation of the non-linear realization of scale symmetry in the effective Lagrangian.
The model parameters are the VEV f of the dilaton and its mass m χ . We derive allowed regions of parameters by considering the latest LHC data relevant to the W W, ZZ and γγ decays of the dilaton. The tree-level couplings of χ to SM particles are very similar to those of h 0 . We consider a possible way to distinguish χ from h 0 in two specific decays : χ → γγ
Dilaton Production Cross-section The production of the dilaton χ at a hadron collider is mainly via gg fusion similar to the production of a Higgs boson h 0 . These cross-sections are proportional to the respective partial decay widths to gg.
From calculations of Higgs boson production cross-section at NNLO [10] , we can directly estimate the production cross section of χ as
where we can use the lowest-order results of Γ(χ → gg) and Γ(h 0 → gg), since in the approximation that the gg → χ interaction is essentially point-like, the QCD radiative corrections to the gg → h 0 and gg → χ subprocesses should be nearly equal. By use of the Γ(χ → gg) partial width given later and Γ(h 0 → gg) of the SM, we can predict σ(pp → χX).
The dilaton result for f = 3 TeV is compared with the SM Higgs production in Fig. 1 . 
Dilaton Decay
The dilaton couplings to SM particles are obatined [1] by using the effective Lagrangian where χ is introduced as a compensator to preserve a non-linear realization of scale symmetry. The χ takes a VEV f in the spontaneous scale symmetry breaking and it is redefined by χ → f + χ. In the exact scale symmetric limit, the χ couples to the SM particles through the trace of the energy-momentum tensor T µν (SM) as
Here T µ µ (SM), the trace of the SM energy-momentum tensor, defined by
, is represented as a sum of the tree-level term T 
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The dilaton couplings are very similar to those of the SM Higgs except that there is a distinctive difference in the gg and γγ couplings. For the dilaton χ, b QCD,EM in Eq. (4) are given by
Here b QCD for m χ < 2m t is represented as 11 − 
There is a strong enhancement of gg and γγ couplings of χ compared to the h 0 , as previously discussed in ref. [1] .
Another important dilaton decay channel is h 0 h 0 . Models with f > v predict the scalar unitarizing W W, ZZ scattering amplitudes to have mass in the TeV region, but there is no compelling reason to forbid the situation m h < m χ /2.
, or (ZZ)(ZZ) is a decisive way to distinguish χ from h 0 .
The kinetic and mass terms of χ are given [1] by
where we consider an explicit scale symmetry breaking parameter with dimension 2 by having a Higgs mass term in the SM. This L χ duplicates the SM Higgs interactions when f is replaced by v.
For the χ decay channels χ → AB, we consider AB = gg, γγ,W + W − , ZZ, bb, tt, cc, τ + τ − , and h 0 h 0 . The decay branching fractions of χ are given in Fig. 2 . The QCD radiative correction in NNLO [11] [12] is taken into account for the gg channel. The QCD radiative corrections to bb, cc and tt at NLO are included. The off-shell W W * and ZZ * decays are treated as in ref. [14] .
A large gg branching fraction at m χ < ∼ 140 GeV is a characteristic of χ decay in comparison with h 0 decays where h 0 → bb is the dominant channel for m h 0 < ∼ 140 GeV, as pointed out in ref. [1] .
Dilaton Detection compared to SM Higgs
Next we consider the detection of χ in the W + W − , ZZ and γγ channels. The χ detection ratio (DR) to h 0 in theXX channel is defined [15] by
BF Χ We can use the DR(W W ) for the ATLAS combined result since the model prediction is DR(W W ) = DR(ZZ) < DR(γγ) which is valid in all mass regions, as can be seen in Fig. 3 . The figure 4 shows the exclusion regions of dilaton parameters at 95% confidence level.
The γγ final state is very promising for χ detection, because the χ detection ratio to h 0 is generally very large in all the mass range of m χ , as is evident in Fig. 3 . For m χ > 150 GeV, the detection of a γγ signal can be a key to distinguish χ and h 0 , although the γγ BF of χ is itself small. At m χ < 150 GeV, the constraint from γγ data with 1.08 fb −1 (black points and solid lines), improves on the W W/ZZ constraints. See, also related previous [17] and subsequent [18, 19] works.
Concluding Remarks
The dashed line represents a prediction of a walking technicolor model, f ≃ 1413 2 ( 600GeV mχ )GeV [20] in a partially gauged one-doublet model [21, 22] with (N T C , N T F ) = (2, 8) or (3, 12) .
backgrounds.
If the LHC7 finds no signal of a scalar in forthcoming 5 fb −1 data, we still have a possibility of a low-mass dilaton with f > 3 TeV. In this case the walking techincolor model [3] [4] [5] [6] [7] [8] [9] are promising wherein the Higgs scalar unitarizing the W W, ZZ scattering amplitudes appears in the TeV region.
